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ABSTRACT 
 
The bollworm’s, Helicoverpa zea (Boddie), inherent tolerance to the Bacillus 
thuringiensis toxin expressed in Bollgard® cotton and its ability to exploit numerous hosts has 
caused the Environmental Protection Agency to re-evalute the refuge component of the 
resistance management strategy.  The goal of this project was to evaluate selected alternate host 
crops as supplemental non-cotton refuges for bollworm.  The relative density, temporal 
occurrence, and life stage synchrony for bollworm larvae and adults was studied in Bollgard® 
cotton, Bollgard® cotton non-Bollgard® cotton, field corn, grain sorghum, and soybean.  Native 
populations of bollworm larvae were monitored June to September during 2002 and 2003 in 
0.1011-hectare plots in Northeast Louisiana and in commercial fields in Rapides, Concordia, 
Richland, and Tensas parishes.  Bollworm larval occurrence varied considerably among all sites 
and crops based upon crop phenology, local environment, cultural production practices, and pest 
management strategies.   Records of larval collection ranged from entirely absent in a sample to 
collections over a period of seven weeks.  Peak densities in Bollgard® cotton were recorded 
from the 5 nodes above white flower (NAWF)  to 1 node above cracked boll (NACB) growth 
stages, in non-Bollgard® cotton during the 7 NAWF to 1 NACB stages, in field corn  during the 
R2-R5 growth stages, in grain sorghum during growth stages 4 to 9, and in maturity group (MG) 
6 soybean during the R1-R6 growth stages.  No larvae were observed in MG 4 soybean or in 
Bollgard® 2 cotton.  Larval productivity was generally lowest in Bollgard® cotton fields and 
highest in grain sorghum and field corn, but larval development in the latter host crops was not 
consistently in temporal synchrony with that in Bollgard® cotton.   The only host crops that 
exhibited temporal synchrony of larvae to that in Bollgard® cotton was non-Bollgard® cotton 
and  MG 6 soybean.  Bollworm adults were monitored with pheromone-baited wire cone traps at 
 viii
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the interfaces of Bollgard® cotton and alternate crop hosts at the commercial field sites.   During 
2002 and 2003, totals of  39,356 and 42,552 adults were collected across all sample sites.  
Bollworm adult occurrence and total densities were generally similar among traps at all crop 
interfaces. 
 
 
INTRODUCTION 
The development of integrated pest management (IPM) programs in agriculture has 
significantly changed crop production systems in the United States.  Cotton, Gossypium hirsutum 
(L.), IPM has produced significant benefits to the agricultural environment and, in recent years, 
allowed producers to more efficiently manage input costs.  The implementation of IPM strategies 
has reduced production costs while simultaneously increasing yields.  These practices include 
efforts to eradicate the boll weevil, Anthonomus grandis grandis Boheman, the use of new target 
selective insecticides, and widespread use of transgenic Bollgard® (Monsanto Co., St. Louis, 
MO) cotton cultivars.  These pest management strategies have created a “low spray” 
environment by reducing the frequency of broad-spectrum insecticide applications but they have 
caused a shift in cotton pest status (Leonard and Emfinger 2002).  In these “low spray” 
environments, discontinuing insecticide applications that previously suppressed other important 
insect pests (i.e. stink bugs [Heteroptera], plant bugs [Lygus spp.], and heliothines) increased the 
density and severity of these pests.  In spite of this “low spray” trend  and transgenic technology, 
bollworm, Helicoverpa zea (Boddie), is still an annual cotton pest causing significant yield loss, 
in Louisiana .    
Insect resistance management (IRM) is an essential component of the continued success 
of the Bollgard® cotton technology.  The Bacillus thuringiensis (Bt) toxin expressed in 
Bollgard® and Bollagard 2® cotton cultivars is considered high dose for tobacco budworm, 
Heliothis virescens (F.), and pink bollworm, Pectinophora gossypiella (Saunders).  However, 
bollworm often requires supplemental over sprays of insecticide for satisfactory control in 
Bollgard® cotton.  A key component of the Bollgard® IRM plan is a structured non-Bollgard® 
cotton refuge system, to produce Bt susceptible adults to mate with any resistant ones emerging 
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from Bollgard® cotton fields.  The 5% external refuge option (planting 5% of total cotton acres 
to a non-Bollgard® variety for a refuge) has been criticized by the environmental protection 
agency (EPA) and is under review with the chance of being discontinued unless sufficient 
evidence can be generated to demonstrate its efficacy.  The following review describes the issues 
of concern about Bollgard® cotton, IRM, refuges, and alternate host crop production of 
bollworms. 
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 REVIEW OF LITERATURE 
The bollworm is classified in the family Noctuidae, the order Lepidoptera, and in the 
class Insecta.  Bollworm was included in the Heliothis genus, but in recent years was placed into 
a new genus, Helicoverpa, based on morphological characters of the genitalia (Hardwick 1970).  
Bollworm is distributed throughout the state of Louisiana; and four to five generations can 
develop in a single year (Tynes et al. 1980, Oliver and Chapin 1981).  Eggs are laid singly on 
plants and usually are concentrated in the top one-third of the cotton plant, including abaxial and 
adaxial leaf surfaces during vegetative and early reproductive growth stages (Tynes et al. 1980, 
Farrar and Bradley 1985).  On older plants, eggs can be distributed over the plant from foliage to 
fruiting structures (Mistric 1964).  After approximately three to four days, larvae eclose from 
eggs.  Neonate stage larvae have a brown head and a creamy white body covered with small, stiff 
spines (Tynes et al. 1980).  In later instars, the head capsule is light brown and the body color 
can vary from green and yellow to pink and brown (Oliver and Chapin 1981).  Unlike the 
tobacco budworm, bollworm larvae lack microspines on the setigerous tubercles of abdominal 
segments one, two, and eight.  In addition, bollworm larvae lack a basal process on the oral 
surface of the mandible (Brazzel et al. 1953, Oliver and Chapin 1981).  Larvae develop through 
four to five instars (13 to 14 total days) during a single generation, and then burrow 2.5 to 7.6 cm 
into the soil.  Adult emergence occurs ca. 12 to 15 days after pupation and adults’ immediately 
feed on available nectar sources.  Adult wingspan is about 3.8 cm, with front wing color ranging 
from light to reddish brown with a dark area near the tip and a distinct reniform spot, while the 
hind wings are a creamy color with an irregular dark band near the outer margin (Oliver and 
Chapin 1981).  Developmental time from the egg to the adult stage requires ca. 30 days, and is 
regulated by a variety of environmental factors.  The utilization of cotton as a host by bollworm 
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depends on the phenological stage of the crop plant, with egg distribution on plants varying by 
variety and environmental conditions.   
Bollworm is a polyphagous species that feeds on over 100 wild and cultivated host plants 
including, alfalfa, Medicago sativa L.; crimson clover, Trifolium incarnatum L.; tobacco, 
Nicotiana tabaccum L.; Austrian winter peas, Pisum sativum; and peppers, Capsicum spp.; 
(Brazzel et al. 1953, Lincoln et al. 1967, Warren 1979, Oliver and Chapin 1981, King and 
Coleman 1989, Sudbrink and Grant 1995).  Lincoln et al. (1967) found bollworm eggs occurring 
during the spring months on wild hosts such as Trifolium spp., Vicia spp., evening primrose, 
Oenothera bieinnis L.; alfalfa, barley, Hordeum vulgare L.; wheat, Triticum aestivium L.; and 
oats, Avena sativa L (Lincoln et al. 1967).  Bollworm remains on these hosts in early generations 
(Apr and May) until other preferred hosts become available (Lincoln et al. 1967).  Subsequent 
generations develop on cultivated crops including silking stage field or sweet corn, Zea mays L 
(Lincoln et al. 1967).  Bollworm can also infest a variety of other cultivated crops in Louisiana 
including cotton; grain sorghum, Sorghum bicolor (Moench); soybean, Glycine max (L.) Merrill; 
and tomato, Lycopersicon esculentum (Miller) (Warren 1979, Oliver and Chapin 1981).  Its 
ability to exploit multiple hosts is indicated by the acceptance of its three common names by the 
Entomological Society of America (ESA):  bollworm, tomato fruitworm, and corn earworm 
(Stoetzel 1989).                                                                                                                                                           
A bollworm larva is capable of damaging eight to thirteen reproductive structures on a 
cotton plant.  Early instar larvae tunnel through terminal buds and small squares leaving small 
entrance and exit holes, while damage from later instars is characterized by pencil sized holes in 
the carpel wall of a boll.  Farrar and Bradley (1985) reported that 1st and 2nd instars were most 
commonly found on flower buds (squares) and terminals, while bolls were the most likely 
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feeding choice for larvae ≥ 3rd instar.  In all three years of their study, white and red flowers were 
preferred by small and large larvae.  As cotton plants begin to mature and square production 
decreases, oviposition and larval densities are drastically reduced (Adkisson et al. 1964b).   
 Larval feeding occurs primarily on fruiting structures produced by maturing cotton.  
Damage occurs when bollworm larvae violate the integrity of the carpel wall and directly affect 
the flower and boll development.  Indirect results from boll damage can be manifested by the 
occurrence and development of pathogens that promote rotting diseases of bolls (Ellsworth and 
Bradley 1992).  Bollworm feeding in cotton is concentrated during peak flowering stages 
(Adkisson et al 1964a, Slosser et. al. 1978).  Slosser et al. (1978) found that bollworm 
populations can damage bolls for at least five weeks after flower initiation.  Bollworm adult trap 
captures generally reach peak levels in cotton during late July to early August. 
In corn, bollworm is commonly referred to as the corn earworm.  The bollworm adult 
oviposits on silks and the larva feeds on maturing kernels until pupation.  Sparks et al. (1971) 
found corn to be the most suitable host for bollworm pupae production.  Lincoln and Isely (1947) 
determined that corn served as an acceptable trap crop for bollworm in a 1946 outbreak in 11 
Arkansas counties, finding as many as 200 eggs/ear on corn near cotton fields.  In Louisiana, 
bollworm moves from non-cultivated hosts in early May, and spends the second generation on 
their preferred host, silking stage field or sweet corn (Steffey et al. 1999). 
 Bollworm adults can be found ovipositing on soybean primarily during the R2 (full 
bloom) stage (Hillhouse and Pitre 1976).  Most damage occurs during the R4 to R6 (pod 
developing) stages (McWilliams 1983).  Bollworm larvae adversely affect soybean yield by 
feeding on leaves, flowers, and pods (Steffey et al. 1994).  The most severe bollworm 
infestations in soybean often occur in areas planted near an adequate nectar source such as cotton 
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(Tynes and Boethel 1996).  Boyd et al. (1997) and Baur et al. (2000) reported finding low 
bollworm infestations on soybean in early season production systems (i.e. maturity group [MG] 
4 soybean), while Tynes and Boethel (1996) indicate that bollworm may occur in MG 5 soybean 
after flowering is initiated. 
Bollworm on grain sorghum occurs as a member of a lepidopteran complex affecting the 
panicle, and are commonly referred to as headworms predominately during the milk stage of 
grain development.  Oviposition is concentrated during anthesis (Lopez et al. 1978).  Grain 
sorghum can serve as a source of bollworm that will migrate to cotton in early July (Lincoln et 
al. 1967).  Tillman et al. (2002) also found that grain sorghum was an effective trap crop for 
bollworm that was emigrating from field corn.   
The bollworm and tobacco budworm together comprise what is commonly referred to as 
the heliothine complex in cotton.  Both species are pests in most cotton-belt states and can cause 
significant yield loss.  The heliothine complex is responsible for more damage to cotton than any 
other insect pest (Hardee et al. 2001).  U.S. producers planted Bollgard® cotton on nearly 2.5 
million hectares in 2003, and applied foliar insecticides targeting the heliothine complex on > 1.2 
million of those hectares (Williams 2004).  Also in the U.S. during 2003, this complex infested 
almost 2.1 million hectares, accounted for a 1.4% yield reduction, and ranked as the number one 
cotton insect pest (Williams 2004).  In Louisiana during 2003, heliothines infested 85% of the 
Bollgard® cotton crop (150251 hectares), required ca. $25.81/hectare in foliar insecticide costs, 
and accounted for a 0.92% yield reduction (9515 bales) (Williams 2004).  In Louisiana during 
2003, the heliothine complex infested ca. 182238 total hectares of cotton (85% and 95% of 
Bollgard® and non-Bollgard® cotton, respectively) requiring an average of almost two 
insecticide applications resulting in 15285 total bales lost (Williams 2004).   
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In 2002, transgenic cotton (herbicide tolerance and/or insect tolerance) occupied 6.8 
million hectares or ca. 12% of the worlds genetically modified crops.  Over 2.3 million hectares 
of this crop included insect tolerant cotton.  The U.S. alone is responsible for growing 66% (38.9 
million hectares) of global transgenic crops and includes both herbicide tolerance and insect 
resistance traits (James 2002).  In Louisiana, the widespread acceptance of transgenic insect 
tolerant (Bollgard®) cotton cultivars is supported by the annual increase in acres planted with 
Bollgard® cultivars.  During 2002, producers planted >77% of their acreage to a Bollgard® 
variety. 
Bollgard® cotton cultivars produce an insecticidal protein (Cry1Ac) derived from the soil 
microorganism, Bacillus thuringiensis (Bt), that is efficacious against the tobacco budworm, pink 
bollworm, (>98% control), and bollworm (50 to 60% control).  The Cry1Ac pro-toxin has also 
shown partial (10 to 15%) suppression of other caterpillar pests such as Spodoptera spp., 
Pseudoplusia spp., and cotton leafperforator, Bucculatrix thurberiella Busck (Hardee et al. 
2001).  Bollgard® cotton has created a significant change in management strategies employed 
against the Heliothine complex.  Bollgard® cotton varieties allow cotton producers to more 
efficiently apply IPM which results in preservation of beneficial arthropods.  This technology 
can improve production efficiency, reduce inputs, and ultimately increase profitability of cotton.   
Bollgard® technology has decreased overall pesticide use and increased cotton yield and 
revenue (Carpenter and Gianessi 2000, Anonymous 2001a).  The EPA estimates economic 
benefits of Bollgard® cotton technology to the U.S. grower’s ranges from $60 to $126 million. 
(Anonymous 2001a).  In Bollgard cotton systems, supplemental control of tobacco budworm 
currently is not needed.  However, supplemental insecticide sprays are needed for effective 
control.  The heliothine complex in Bollgard® cotton was comprised of ca. 100% bollworm in 
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Louisiana and 85% throughout the United States, respectively during 2003.  In North Carolina, 
Bacheler and Mott (2003) found four-fold fewer bollworm-damaged bolls in Bollgard® cotton 
than in conventional (non-Bt) varieties.  Control of high infestations of bollworm, however, is 
often less than that provided with commercial insecticides.  Supplemental foliar insecticide 
applications to manage bollworm are occasionally required in Bollgard® cotton fields (Gore et 
al. 2001).  Because the Cry1Ac pro-toxin is less efficacious against bollworm, producers seeking 
satisfactory control must frequently target bollworm with additional insecticide applications.  In 
Louisiana, foliar applications for heliothine (bollworm/tobacco budworm) control in non-
Bollgard® cotton are triggered when there is a five percent infestation in squares that are at least 
one-third grown and eggs are present (Bagwell et al. 2003).  In Bollgard® and Bollgard® 2 
(Cry1Ac and Cry2Ab toxins) cotton, foliar applications are recommended at a level of two to 
three percent flowers infested with larvae, and against a five percent infestation on plants prior to 
flower initiation (Bagwell et al. 2003). 
Insect control with foliar applied insecticides is a common practice in most agricultural 
systems.   Many insect species develop resistance to insecticides because of abuse.  The 
ineffectiveness of biological control, host plant resistance, and cultural strategies to keep pest 
populations under control, often warrants widespread use of broad spectrum insecticides.  Insect 
pest management in cotton can be a complex issue because multiple pests occur throughout the 
season.  Each pest may possibly require multiple foliar insecticide applications.  Prior to the 
release of the Bollgard® technology, heliothine control in cotton was achieved using commercial 
foliar insecticides.  However, with the development of heliothine resistance (primarily tobacco 
budworm) to several classes of insecticides, including chlorinated hydrocarbons, 
organophosphates, and carbamates (Graves et al 1963, Wolfenbarger and McGarr 1970, Harris 
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1972, Wolfenbarger et al. 1973, Plapp and Campanhola 1986, Luttrell et al. 1987) acceptable 
control is difficult and expensive with conventional insecticides.  The commercial release of 
Bollgard® varieties in 1996 provided producers with an effective means to manage key 
heliothine pests (Hardee et al. 2001).  However, with the release of the new technology, there is 
the opportunity for development of resistance in these target pests.  Several lepidopteran pests 
have been artificially selected for Bt resistance including diamondback moth, Plutella xylostella 
(L.); tobacco budworm; beet armyworm, Spodoptera exigua (Hübner); and the Indian meal 
moth, Plodia interpunctella (Hübner); (Gould et al. 1992, Tabashnik 1994).  The first reported 
cases of Bt resistance in crop fields was for diamondback moth in Hawaii (Tabashnik 1994).  
These results suggest the possibility of heliothines developing Bt resistance.  The Cry1Ac pro-
toxin is present in cotton plants during the entire season and imposes constant selection on 
resistant individuals.  With the widespread use of Bt cotton, the emerging use of Bt field and 
sweet corn, and the continued use of Bt foliar insecticides, the risk for resistance to Bt is greatly 
increasing. 
With the initial registration of Bollgard® cotton in the U.S., the EPA required IRM 
strategies to be implemented.  The IRM plan mandated by the EPA for producers growing 
Bollgard® varieties is intended to delay or prevent resistance (Matten 2000, 2002).  Under this 
plan, producers use recommended agronomic production practices and appropriate monitoring 
and control techniques to manage other insect pests. In addition, they are required to implement a 
structured non-Bollgard® cotton refuge system (Hardee et al. 2001, Hudson et al. 2002).  The 
Bollgard® registrant, Monsanto Co. (St. Louis, MO) must demonstrate a high-dose strategy 
(dose of pro-toxin 25x that level required to kill >98% of the target population in all Bollgard® 
cultivars).  Preserving the effectiveness of Bt cotton will rely heavily on the current IRM 
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strategies.  A full season high-dose of the Cry1Ac pro-toxin in Bollgard® varieties is a major 
part of the IRM plan.  The high-dose is effective against tobacco budworm and pink bollworm, 
but is less efficacious against bollworm (Hardee et al. 2001).  A high dose of the Cry1Ac toxin 
should kill most of the target insects feeding on Bollgard® cotton; however, any survivor should 
have susceptible insects from a refuge(s) to mate with in order to reduce the frequency of 
resistant alleles. 
The Bollgard® cotton plant produces a Cry1Ac protein throughout the growing season, 
and results in continuous selection against susceptible individuals.  Susceptible moths emerging 
from a non-sprayed non-Bollgard® cotton field (refuge) theoretically would mate with moths 
emerging from Bollgard® cotton that may be carrying a gene for Bt resistance.  This should 
reduce the frequency of resistant alleles in the population and delay resistance evolution. 
The refuge options accepted at the time of Bollgard® registration in 1996 were directed 
primarily at the tobacco budworm and pink bollworm.  Originally there were two options: a 20% 
sprayed (20% of total cotton acres planted to a non-Bollgard® variety with the option to spray) 
and the 4% non-sprayed (4% of total cotton acres planted to a non-Bollgard® variety with no 
option to spray) (Matten 2000).  The EPA revised the refuge options for Bollgard® cotton in 
2001 to allow one of three refuge options (Figure 1) (Anonymous 2001b, Matten 2001, Mullins 
2001).  The 5% external non-sprayed option requires that for every 95 acres of Bollgard® cotton 
planted there must be at least five acres (150 feet wide, within one-half mile of the Bollgard® 
field) of non-Bollgard® cotton.  The refuge cannot be treated with any insecticide that is 
efficacious against heliothines.  This option will expire on September 30, 2004, unless the EPA 
approves an extension.  The 20% sprayed option requires that ≥ 20 acres of non-Bollgard® 
cotton be planted for every 100 acres of Bollgard® cotton, and the refuge must be within one-
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half mile of the associated Bollgard® cotton field.  This refuge can be treated with any heliothine 
active insecticide except foliar Bt products.  The third option includes a 5% embedded refuge  
that is similar to the 5% non-sprayed refuge except that is must be planted as a continuous block 
(150 feet wide) entirely within the Bollgard® field.  The refuge can be treated with heliothine 
active insecticides only when the entire block is treated, but can not be treated with any Bt 
products.  The community refuge plan is an additional option that meets the requirements of 
either the 5% embedded or the 20% sprayed option but is maintained by multiple growers in a 
defined production area.  This option allows a group of farmers to institute a single refuge across 
a large area to share costs and maintenance of the refuge.  The community option benefits those 
growers that farm across broad areas with non-contiguous fields or have smaller isolated fields 
that prohibit the spatial limitations and size requirements of the other options (Anonymous 
2003). 
95 Acres Bollgard  Cotton
5 Acres Non-Bollgard Cotton
5% Unsprayed Refuge
47.5 Acres Bollgard Cotton 
5 Acres Non-Bollgard Cotton
5% Embedded Refuge
47.5 Acres Bollgard Cotton 
20 Acres Non-
Bollgard Cotton
20% Sprayed Refuge
80 Acres Bollgard Cotton
 
Figure 1.  Refuge options for the Bollgard® IRM plan provided to cotton producers. 
Since the registration of Bollgard®, Monsanto Co. has taken a proactive stance and promoted 
considerable efforts to educate producers about the importance of maintaining a non-Bollgard® 
cotton refuge.  Surveys across the Cotton Belt by Hudson et al. (2002) from 1996 to 2001 found 
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that a majority of Bollgard® cotton growers are using one of the mandated refuge options.  In 
2001, the survey indicated ca. 96% grower compliance. 
The bollworm has a higher initial tolerance to Bt (Luttrell et al. 1999) than tobacco 
budworm and pink bollworm.  Because of this differential tolerance, resistance in bollworm 
populations has become a concern.  Resistance is more likely to develop in areas where 
Bollgard® cotton acreage is high and availability of non-Bollgard® hosts is low (Hardee et al. 
2001).  Bollworm tolerance to the Bt toxin and the presence of non-Bt alternate plant hosts may 
influence the rate at which resistance to the Bt toxin develops (Burd et al. 2000, Hardee et al. 
2001).  Gore et al. (2003) studied the influence of these different hosts (field corn, grain 
sorghum, soybean, and non-Bollgard® cotton) on bollworm survival, larval development, and 
susceptibility of subsequent generations to Bollgard® cotton, and found variation among the 
alternate host crops, indicating that resistance management refuge strategies may be directly 
influenced by availability of early season alternate hosts.  Jackson et al. (2002) found that 
conventional cotton in North Carolina produced only 13x more bollworm adults than Bollgard® 
cotton.  Failure to produce the 500:1 ratio was one of the reasons causing the EPA to re-evaluate 
bollworm production in the current refuge systems.  Bollgard®’s low efficacy against bollworm 
has allowed this species to become a more important pest in recent years (Luttrell et al. 1999, 
Gore et al. 2000).  With the re-registration of the Bollgard® technology, researchers are 
addressing several key questions concerning the refuges in Bollgard® and the contribution of 
alternate plant hosts to bollworm production.  Attempting to delay or prevent heliothine 
resistance to the Bollgard® technology in cotton through the use of non-cotton refuges will 
require more knowledge of the distribution and abundance of bollworm on alternate host crops as 
well as on Bollgard® and non-Bollgard® cotton.   
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          Objectives.  The following objectives for this project are:   
1.  To estimate the production of bollworm larvae in selected cultivated crop hosts. 
2.  To determine the temporal occurrence of bollworm adults near non-cotton host crops and 
their synchrony with bollworm larvae near Bollgard® cotton fields.
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MATERIALS AND METHODS 
Four common agronomic crops, cotton, field corn, soybean, and grain sorghum were 
monitored to estimate the number of bollworm adults produced in these crops and compare those 
to populations in localized agricultural areas.  Two approaches were used to complete the 
objectives stated in this research project:  landscape level monitoring in commercial production 
areas and specific alternate host evaluation in small plots. 
           Landscape Level Monitoring of Adults.  Bollworm adult occurrence was evaluated 
through the implementation of structured surveys in 2002 and 2003.  Monitoring sites included 
Rapides Parish (Cheneyville, 2002 and 2003), Concordia Parish (Ferriday 2002 and Frogmore 
2003), Tensas Parish (Newellton 2002 and Somerset 2003), and Richland Parish (Rayville 2002 
and Start 2003) (Figure 2).   Monitoring sites represented different geographic cotton production 
areas throughout the state.  Large scale, commercial fields were used in the landscape level 
monitoring to represent the native environment for a local area.  Two pheromone traps made of 
wire mesh (20.32 cm x 20.32 cm) with a moth retaining cage as described by Hartstack et al. 
(1979 and 1980) and baited with a synthetic sex pheromone (Zealure, Hercon Environmental 
Corp., Emigsville, PA) were used to capture representative samples of adult males.  Traps were 
placed at the interface of the Bollgard® cotton fields and the alternate host crops.  Weekly 
trapping estimated the occurrence of bollworm adults from alternate host plants in separate 
cotton ecosystems throughout the state.  The treatments for the survey included Bollgard® cotton 
interfaced with each of the following crops:  field corn, grain sorghum, soybean, non-Bollgard® 
cotton, and Bollgard® cotton.  An interface was established where Bollgard® cotton was 
adjacent to (separated by a ditch, gravel or paved road, etc.) the alternate hosts.  Five interfaces 
were established at each location with all the traps located within a distance of one mile.  With 
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the assistance of county agents, crop consultants, producers, and cotton industry personnel, 
monitoring sites were established and sampling was initiated during late May to early June.  Trap 
monitoring (pheromone replaced and moths counted weekly) was initiated before any of the 
crops reached a growth stage that was attractive for bollworm oviposition, and continued until 
the respective Bollgard® cotton field at each interface reached physiological maturity (≤ 5 
NAWF) or the alternate host crop was harvested (Table 1).  Bollworm adult captures are 
expressed as the number of moths per trap per week for a given Bollgard®:alternate host 
interface. 
A representative moth sample consisting of ≤ 100 bollworm adults for each 
Bollgard®:alternate host crop interface during a seven day period was preserved in a 70%:30% 
ethanol:water solution.  These samples were shipped to Monsanto Co. (St. Louis, Mo) for 
processing and analysis to determine host plant origin of the larval stage using C3 photosynthetic 
carbon fixation or C4 photosynthetic carbon fixation (C3/C4) analysis.  A stable carbon isotope 
technique described by Gould et al. (2002) can discriminate between a C3 plant (example: wheat, 
cotton, soybean, peanut, etc.) and a C4 plant (example: corn, sugarcane, grain sorghum, millet, 
etc.), a larva fed upon prior to becoming a moth.  Monsanto Co. employees sub-sampled ten 
intact moths (complete moth with wings attached) from each individual collection date and 
prepared them for chemical analysis.  Samples were sent to laboratories at the University of 
Georgia (Athens, GA) where the analysis was performed.  The forewing of a moth was removed 
and dried in a 2.5 mL glass vial.  The dry wing was cut, weighed, and placed into a 0.2 cm2 tin 
container.  These containers were placed in an autosampler attached to a gas chromatograph.  
Through a specially designed C12 and C13 isotope analysis, CO2 was collected from the gas 
chromatograph using a liquid-nitrogen trapping system and compared to prescribed standards to 
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derive C12 and C13 isotope ratios.  These data are then compared to determine C3 or C4 plant 
source for each moth sample. 
Farmscape Level Monitoring of Larvae.  Monitoring of bollworm larvae in each host 
crop was coordinated with the adult monitoring.  Bollworm larvae were collected using the most 
appropriate sampling technique for each representative crop.  In cotton (Bollgard® and non-
Bollgard®) and soybean (MG 4 and 6), cloth shake sheets (.914 meters x 1.52 meters) were used  
 
 
Tensas
Richland
Franklin
Concordia
Rapides
 
Figure 2.  Monitoring locations for landscape and farmscape surveys in Louisiana, 2002 
and 2003.  
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Table 1.  Bollworm adult monitoring sampling periods for the landscape level study, 2002 
and 2003. 
                2002
 
                 2003 
 
 
 
Location 
Initiation Termination Initiation Termination 
 
Richland 
 
20 Jun 
 
 
20 Sep 
 
28 May 
 
  6 Oct 
Tensas 
 
   1 Jul   9 Sep 
 
  4  Jun   6 Oct 
Concordia 
 
21 Jun 16 Sep 
 
29 May 10 Oct 
Rapides 
 
14 Jun 11 Sep 20 May 10 Oct 
 
to record larval densities.  Shake sheets were placed between two rows and adjacent plants were 
vigorously shaken to dislodge and count larvae.  Grain sorghum was sampled with an 11.35 liter 
plastic bucket by vigorously shaking maturing panicles into the bucket, and counting the number 
of larvae.  In corn, maturing ears were examined for the presence of larvae.  When it was present, 
a sample of larvae was retained and preserved (placed on artificial diet and reared to adults) for 
positive identification.  Ten random samples consisting of 3.048 meters of row, for a total of 
30.48 row meters were sampled in each crop.  The number of larvae in 30.48 row meters was 
adjusted (no. larvae/30.48 meters * 3,983.12 linear meters/acre) to give the total number of 
larvae/hectare.  Surveys were conducted weekly.  Sampling was initiated for each crop during 
the early vegetative growth stages and continued until no larvae were collected for two 
consecutive weeks, or the host crop was harvested.  Data (no. larvae/hectare) were compiled for 
each site and compared across crops within each site and across sites.  Data for alternate hosts 
(i.e. grain sorghum, field corn, and soybean) were compared to non-Bollgard® and Bollgard® 
cotton with regard to temporal occurrence, relative density, and life stage synchrony of bollworm 
larvae.   
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At each site, larval data for the Bollgard® fields at each site were averaged to develop 
one value for each sampling date.  Given the low numbers of larvae found in Bollgard® fields 
and the close proximity of each Bollgard® field to the other crops, these data will better estimate 
the temporal occurrence of larvae at a site.  Therefore, results are presented for a single 
Bollgard® cotton field, followed by data for the other host crops. 
Small Plot Host Evaluation – Macon Ridge Research Station.  The temporal 
occurrence, relative density, and life stage synchrony of bollworm larvae and adults in cotton and 
alternate host crops was also estimated in replicated studies at the Macon Ridge Research Station 
(MRRS) near Winnsboro, LA (Franklin Parish), in 2002 and 2003 (Figure 2).  The treatments 
(host crops) were planted in a RBD and replicated three times.  Each plot consisted of 16 rows 
wide and was 36.6 meters in length.  Agronomic crop hosts in these studies included Bollgard® 
cotton, non-Bollgard® cotton, grain sorghum, soybean (MG 4 and 6), and field corn (non-Bt).  In 
2003, a Bollgard® 2 cotton variety was added to the study.  In 2002, field corn (Pioneer 3223, 
Pioneer Hi-Bred International, Inc., Des Moines, IA) was planted on 25 March, MG 4 soybean 
(Terral 4890RR, Terral Seed, Lake providence, LA) and grain sorghum (Terral 9421) on 24 
April, MG 6 soybean (DynaGrow 3614NRR, UAP Mid-South, Cordova, TN) on 28 May, and 
non-Bollgard® (Delta Pearl, Delta & Pine Land Company, Scott, MS) and Bollgard® cotton, 
(DeltaPine 458BRR) on 9 May.  In 2003, field corn (DeKalb 697, Monsanto Company, St. 
Louis, MO) was planted on 10 March, MG 6 soybean (DynaGrow 3614R) on 29 May, MG 4 
soybean (Terral 4886RR) and grain sorghum (Pioneer 83G66) on 20 April, non-Bollgard® 
(Stoneville 4793R, Stoneville, Memphis, TN), Bollgard® (Stoneville 5599BG/RR), and 
Bollgard® 2 cotton (Stoneville 4563BG2) on 30 April.  Each crop was planted at the most 
appropriate time using standard local agronomic practices (seeding and fertilizer rates, and 
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weed/insect management) recommended by the LSU AgCenter (Bagwell et al. 2003, Kelly et al. 
2004).  No insecticides that would influence bollworm populations were applied across the test 
areas. 
Bollworm larvae were sampled using the techniques previously described for the 
farmscape surveys.  Ten random samples consisting of 3.05 meters of row, for a total of 30.5 row 
meters were sampled each crop.  In cotton and soybean, cloth shake sheets were used to make 
larval counts.  In corn, maturing ears were examined for larvae.  Grain sorghum was sampled 
with an 11.35 liter plastic bucket.  Surveys were conducted weekly and number of larvae was 
converted to no. larvae per hectaree.  Representative larval samples were collected and 
maintained on meridic diet to determine species composition through identification of adults and 
larval survival to adult emergence was also recorded.  Surveys were initiated during the early 
vegetative stage of each crop (Table 2) and continued until larval production ceased (two 
consecutive weeks of finding no larvae) or until a host crop reached physiological maturity.  
Table 2.  Bollworm adult monitoring sampling periods for the small plot host 
evaluation, 2002 and 2003 - MRRS. 
2002  2003  
Host Crop Initiation Termination Initiation Termination 
 
Field Corn 
 
 
7 Jun 
 
 
12 Jul 
 
 
18 Jun 
 
 
  21 Jul 
 
Grain Sorghum 
 
7 Jun 7 Aug 18 Jun   4 Aug 
MG 4 Soybean 
 
7 Jun 25 Jul 18 Jun  11 Aug 
MG 6 Soybean 
 
7 Jun  6 Sep 18 Jun   5 Sep 
Non-Bollgard® 
 
7 Jun  6 Sep 18 Jun   5 Sep 
Bollgard® 
 
7 Jun  6 Sep 18 Jun   5 Sep 
Bollgard® 2 
 
NA NA 18 Jun   5 Sep 
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Data Analyses.  Bollworm adult densities and dates of peak trap capture at the 
Bollgard®:alternate host interfaces were compared within and across sites.  Means representing 
total moth production for each year at each interface were separated using Student-Newman-
Keuls LSD, (α=0.05) (Agriculture Research Manager 6, Brookings, South Dakota).  Larval 
infestations in the farmscape level study for each alternate host crop was compared to that for 
Bollgard® cotton with regard to temporal occurrence and total density.  In the small plot host 
evaluation total larval production and production on each sampling date were compared among 
hosts using Student-Newman-Keuls LSD, (α=0.05).   
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RESULTS  
Landscape Level Monitoring of Adults – 2002.  Adult densities were monitored for 14 
weeks at the Richland Parish location, with only one seasonal peak observed at this location 
(Figure 3).  Bollworm adult densities at the field corn interface peaked on 26 July at 97 
insects/trap.  At the grain sorghum interface, peak densities occurred on 30 July at 362 
insects/trap.  At the MG 5 soybean interface, densities peaked on 30 July at 295 insects/trap.  At 
the non-Bollgard® and Bollgard® cotton interfaces, adult densities peaked on 26 July at 272 
insects/trap and at 20 insects/trap, respectively.  The greatest number of adults were collected at 
the grain sorghum interface, (2849) 30%, while the fewest were collected at the Bollgard® 
cotton interface (202).  Across all traps the overall peak capture of bollworm adults (797) 
occurred during the fifth week of July.  During the entire sampling period, a total of 9467 
bollworm adults were collected.  
Bollworm was monitored for 11 weeks at the Tensas location, with two seasonal peaks 
occurring throughout the growing season at this location (Figure 4).  At the field corn interface, 
peak densities of 595 insects/trap were observed on 18 July.  At the grain sorghum interface, 
peak densities of 430 insects/trap were observed on 29 July. The MG 4 soybean interface 
reached peak densities of 516 insects/trap on 22 July.  Peak densities at the non-Bollgard® and 
Bollgard® interfaces were observed on 29 July at 475 insects/trap and 691 insects/trap on 18 
July, respectively.  The greatest number of adults (7132) represented 31% of captures at the 
Bollgard® cotton interface, while the fewest (3335) were captured at the grain sorghum 
interface. The overall peak bollworm captured across traps at this location occurred during the 
third week of July (2328).  A total of 23245 adults were collected in Tensas Parish.   
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Figure 3.  Weekly captures of bollworm adults at selected crop interfaces - Richland 
Parish, 2002. 
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Figure 4.  Weekly captures of bollworm adults at selected crop interfaces - Tensas Parish, 
2002. 
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Adults were trapped for 13 weeks at the Concordia Parish location, with multiple 
seasonal peaks occurring throughout the growing season (Figure 5).  At the field corn interface, 
peak densities were observed on 16 July at 329 insects/trap.  At the grain sorghum interface, a 
peak density of 361 insects/trap was observed on 8 July, and at the MG 4 soybean interface a 
peak density was observed on 22 July at 281 insects/trap.  Peak densities at the non-Bollgard® 
interface were observed on 8 July at 509 insects/trap.  No Bollgard® interface was established in 
Concordia Parish during the 2002 growing season.  The majority of the bollworm adults for the 
sampling period, >30% (5207), were captured at the non-Bollgard® cotton interface, with the 
fewest being captured at the corn interface (2616).  The overall peak capture (1261) of adults 
across traps was observed during the first week of June.  A total of 13753 bollworm adults were 
collected during the sampling period.   
Bollworms were collected for 13 weeks at the Rapides Parish location and multiple 
seasonal peaks were recorded (Figure 6).  Adult densities at the field corn interface in 
Cheneyville peaked on 24 July at 265 insects/trap.  At the grain sorghum interface adult trap 
captures peaked on 8 August at 289 insects/trap.  At the MG 4 soybean interface, peak densities 
of adult captures were observed on 29 August at 126 insects/trap.  At the non-Bollgard® and 
Bollgard® cotton interfaces, adult densities peaked on 24 July at 187 and 24 July at 472 
insects/trap, respectively.  Approximately 31% (4189) of the total moths for the sampling period 
were captured at the Bollgard® cotton interface, while the fewest moths collected were at the 
MG 4 soybean interface (1293).  Peak bollworm adult captures (1114 moths) across traps 
occurred during the fourth week of July.  A total of 12703 moths were collected throughout the 
sampling period.  
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Figure 5.  Weekly captures of bollworm adults at selected crop interfaces - Concordia 
Parish, 2002. 
0
75
150
225
300
375
450
14-
Jun
21-
Jun
28-
Jun
5-
Jul
12-
Jul
19-
Jul
26-
Jul
2-
Aug
9-
Aug
16-
Aug
23-
Aug
30-
Aug
6-
Sep
Sample
No
.  A
du
lts
/T
ra
p
Non-Bollgard
Bollgard
Grain Sorghum
Soybean
Field Corn
 
Figure 6.  Weekly captures of bollworm adults at selected crop interfaces - Rapides Parish, 
2002. 
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Landscape Level Monitoring of Adults – 2003.  Bollworm adults were collected for 20 
weeks at the Richland Parish location, with multiple seasonal peaks occurring throughout the 
growing season (Figure 7).  At the field corn interface, peak densities were observed on 4 June at 
364 insects/trap.   In grain sorghum, adult densities peaked on 4 August at 62 insects/trap.  Adult 
densities at the MG 4 soybean interface reached peak densities of 62 insects/trap on 28 July.  
Peak densities at the Non-Bollgard® and Bollgard® interfaces were observed on 4 August at 42 
insects/trap and 227 insects/trap on 21 July, respectively.  The greatest number of adults (3331) 
47% were collected at the field corn interface while the fewest (247) were collected at the non-
Bollgard® interface.  The overall peak capture of bollworm adults (907) at this location occurred 
on 3 June.  A total of 7041 bollworm adults were captured throughout the sampling period. 
Adult densities were trapped at the Tensas Parish location for 19 weeks.  Two seasonal 
peaks were observed (Figure 8).  Adult densities peaked in traps near field corn and grain 
sorghum on 25 June, at 320 and 393 insects/trap, respectively.  Peak numbers near MG 4  
soybean (5) occurred on 29 September.  Peak numbers near non-Bollgard® and Bollgard® 
cotton were both observed on 31 July at 329 and 298 insects/trap, respectively.  The greatest 
number of adults (3381) or 35% were collected near the field corn interface, while the fewest 
(28), or 0.2% were collected near the soybean interface.  The overall peak capture of bollworm 
adults (2199) at this location occurred on 24 June.  A total of 9683 bollworm adults were 
captured and counted throughout the sampling period. 
Adults were collected for 20 weeks at the Concordia Parish location with multiple 
seasonal peaks occurring during the sampling period (Figure 9).  At the field corn interface, peak 
adult trap captures (383 insects/trap) occurred on 29 May.  Adult densities near the grain  
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Figure 7.  Weekly captures of bollworm adults at selected crop interfaces - Richland 
Parish, 2003. 
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Figure 8.  Weekly captures of bollworm adults at selected crop interfaces - Tensas Parish, 
2003. 
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Figure 9.  Weekly captures of bollworm adults at selected crop interfaces - Concordia 
Parish, 2003. 
 
 sorghum interface peaked on 30 September at 217 insects/trap.  At the MG 4 soybean interface, 
adult densities peaked at 233 insects/trap on 22 July.  Peak densities at the non-Bollgard® and 
Bollgard® interfaces were observed on 29 July at 440 and 153 insects/trap, respectively.  The 
greatest number of adults 4615, (34%), was collected near the field corn interface, while the 
fewest (869) or 6%, was collected near the Bollgard® cotton interface.  The overall peak capture 
of bollworm adults (2456) across traps occurred on 30 July.  A total of 13484 bollworm adults 
were captured throughout the sampling period. 
 Bollworms were captured for 21 weeks at the Rapides location, with multiple seasonal 
peaks occurring throughout the growing season (Figure 10).  Peak captures occurred on 29 May 
at each crop interface and were 429, 209, 185, 178, and 215 insects/trap for field corn, grain 
sorghum, MG 4 soybean, non-Bollgard® cotton, and Bollgard® cotton, respectively.  The 
greatest number of adults 25%, (2544) were collected at the non-Bollgard® cotton interface  
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Figure 10.  Weekly captures of bollworm adults at selected crop interfaces - Rapides 
Parish, 2003. 
 
during the sampling period, while the fewest (1437), or 14% were collected at the grain sorghum 
interface.  The peak capture of bollworm adults (2430) across all traps occurred on 29 May.  A 
total of 10336 bollworm adults were captured and counted throughout the sampling period. 
 The cumulative number of bollworm adults captured at each location on individual 
sampling dates during 2002 compares the bollworm numbers among parishes (Figure 13).   
During 2002, traps in Tensas parish accounted for the most moths captured for most of the 
sampling period.  In eight samples, the Tensas location collected the greatest weekly total moths.  
Bollworm captures at the other sites were similar.  The greatest densities were captured from 17 
Jul to 8 Aug.  During 2003, traps in Concordia parish accounted for the most moths captured on 
many of the sampling dates (Figure 14).  In seven samples, the Concordia location recorded the 
greatest weekly total moths.  Peak densities at the Concordia location occurred during 29 May to 
16 Jun and 23 to 30 Jul.  Similar to 2002, traps in Tensas parish also accounted for large captures 
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on several sampling dates.  The overall crop mix in each parish may explain the contribution of 
each to the overall adult population in Louisiana.  Tensas Parish for example, is usually 
predominately a cotton-producing parish.  This may explain the high moth production 
throughout July and August.  Moths may migrate to Tensas parish during this time because of 
the large cotton hectarages that is attractive to bollworm.  Other parishes, Rapides, Concordia, 
and Richland, generally have a wide variety of crops. 
During the 2002 season, 59168 bollworm adults were captured in pheromone - baited 
traps (Figure 11).  There was no significant difference in the cumulative number of moths 
captured among crop interfaces across all four sites (P=0.9575).  Field corn, grain sorghum, 
Bollgard® cotton, non-Bollgard® cotton and soybean accounted for ca. 20, 20, 20, 21, and 19% 
of moths captured, respectively. 
In 2003, 40544 were collected in pheromone traps across the state (Figure 11).  There 
was no significant difference in the cumulative number of bollworm adults among traps at the 
crop interfaces across all four locations (P=0.0607).  Field corn, grain sorghum, Bollgard® 
cotton, non-Bollgard® cotton and soybean accounted for ca. 34, 17, 17, 18, and 14% of moths 
captured, respectively.   
 Results from the C3/C4 analysis of moth samples from the landscape level monitoring 
are incomplete at this time.  Data from 2002, however, indicates that C4 crops apparently served 
as refuge for larvae throughout the range of the growing season (Figure 12).  C3/C4 analysis 
suggests native hosts may be important in generating bollworm in Louisiana landscape.  During 
the early parts of the growing season, C4 alternate hosts (corn, grain sorghum, warm season 
grasses) dominate the C3:C4 ratio, implying that most of the adults may have originated from 
larvae on C4 hosts.  In mid-August, C3 hosts (cotton, soybean, cool season grasses) start to 
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dominate the C3:C4 composition of adults.  These host plants may be an important source of 
bollworm adults late in the cotton production season. 
   Rapides Parish maintains a mixture of sugarcane, soybean, corn, cotton, grain sorghum, 
which may cause adult populations to better distributed over time.  Richland Parish usually has 
more pasture land and undisturbed native hosts in the landscape, therefore, accounting for the 
lower densities that may be more distributed over time.  Similarly, Concordia Parish usually has 
a mixture of cotton and grain crops with cotton being the dominant host. 
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Figure 11.  Cumulative weekly trap captures of adults from all locations, 2002. 
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Figure 12.  Cumulative weekly trap captures of adults from all locations, 2003.   
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Figure 13.  Cumulative captures of bollworm adults across the Louisiana agricultural 
landscape. 
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Figure 14.  C3-C4 analysis of bollworm in Louisiana, 2002.
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  Farmscape Level Monitoring of Larvae.   Throughout the sampling periods of 2002 
and 2003, numbers of larvae in all crops were extremely variable and in several instances non-
existent.  There were also considerable differences among sample sites in the temporal 
occurrence of larvae.   
 During 2002 at the Richland Parish location, larvae were collected in one or more hosts on 
every sample date except June 24 (Table 3).  Numbers of larvae were collected in Bollgard® 
cotton, non-Bollgard® cotton, grain sorghum, soybean, and field corn over periods of seven, 
seven, seven, four and four weeks, respectively.  The peak larval occurrence in Bollgard® cotton 
was on 15 August at a density of 582 larvae/hectare.  Peak numbers of larvae were collected in 
non-Bollgard® cotton, grain sorghum, MG 6 soybean, and field corn on 19 July, 30 July, 30 
July, and 20 June, respectively.  The fewest number of total larvae were recorded in the 
Bollgard® (1941) cotton field.  The highest number of total larvae was collected in grain 
sorghum which was five-fold higher than numbers collected in other crops. 
During 2002 at the Tensas Parish location, larvae were collected in one or more hosts on 
every sample date except 18, 22 July; 19, 26 August; and 3 September (Table 4).  Numbers of 
larvae were collected in Bollgard® cotton, grain sorghum, and field corn over periods of three 
weeks, one week, and two weeks, respectively.  No larvae were collected in MG 4 soybean and 
non-Bollgard® cotton.  The peak larval occurrence in Bollgard® cotton was on 12 August at a 
density of 324 larvae/hectare.  Peak numbers of larvae were collected in grain sorghum and field 
corn on 9 July and 1 July, respectively.  The fewest number of total larvae was recorded in the 
Bollgard® (453) field.  The highest number of larvae was collected in field corn which was 
twenty-five-fold higher than numbers of larvae collected in any other crop.   
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Table 3.  Temporal occurrence of bollworm larvae (No./Hectare) in commercial fields of selected crops – Richland Parish, 
2002. 
1No sample was taken. 
             Sample Date 
 
 
20 
Jun 
24 
Jun 
2 
Jul 
10 
Jul 
19 
Jul 
26 
Jul 
30 
Jul 
6 
Aug 
15 
Aug 
20 
Aug 
30 
Aug 
6 
Sep 
13 
Sep Total 
 
Bollgard® 
 
 
0 
 
 
-1 
 
 
0 
 
 
0 
 
 
64 
 
 
453 
 
 
389 
 
 
196 
 
 
582 
 
0     129 129 0 1941
Non-
Bollgard® 
 
0             
         
           
- 0 0 3558 324 2265 970 970 0 646 0 646 9379
Grain 
Sorghum 
 
0 - 0 2587 0 181140 273651 0 646 646 
 
 
0 - - 458670
MG 6 
Soybean 
 
0 - 0 0 0 10351 25876 8733 646 0 0 - -
 
45606 
 
Field Corn 29760 - 12938 1616 324 0 0 0 0 0 - - - 44639 
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Table 4.  Temporal occurrence of bollworm larvae (No./Hectare) in commercial fields of selected crops 
- Tensas Parish, 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Sample Date 
 
 1 
Jul 
9 
Jul 
18 
Jul 
22 
Jul 
29 
Jul 
5 
Aug 
12 
Aug 
19 
Aug 
26 
Aug 
 
3 
Sep 
 
Total 
 
Bollgard® 
 
 
0 
 
0 
 
0 
 
0 
 
64 
 
64 
 
324 
 
0 
 
0 
 
0 
 
 
453 
Non-
Bollgard® 
0           
      
           
       
0 0 0 0 0 0 0 0 0 0
Grain 
Sorghum 
 
0 646 0 0 0 0 –1 
 
– 
 
– 
 
– 
 
646 
MG 4 
Soybean 
 
0 0 0 0 0 0 0 – – – 0
Field Corn 
 
22965 1295
 
0 0 0 0 –
 
– 
 
– 
 
– 
 
24260
1No sample was taken. 
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Table 5.  Temporal occurrence of bollworm larvae (No./Hectare) in commercial fields of selected crops – Concordia 
Parish, 2002. 
1No sample was taken.
 
       
   
Sample Date 
 
 10 
Jun 
17 
Jun 
21 
Jun 
8 
Jul 
16 
Jul 
22 
Jul 
 
29 
Jul 
5 
Aug 
12 
Aug 
19 
Aug 
 
26 
Aug 
 
3 
Sep 
 
Total 
 
Bollgard® 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
64 
 
0 
 
260 
 
0 
 
0 
 
0 
 
0 
 
324 
Non-
Bollgard® 
 
0            
             
             
            
0 0 324 0 0 0 0 324 1295 0 0 1943
Grain 
Sorghum 
 
0 -1 0 1295 0 0 324 0 - - - - 1619
MG 4 
Soybean 
 
0 0 0 0 0 0 0 0 0 0 0 0
Field Corn 
 
14233 5176 0 0 - - - - - - - - 19408
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During 2002 at the Concordia Parish location, larvae were collected in one or more crops 
on every sample date except 21 June, 16 July, 26 August, and 3 September (Table 5).   
Numbers of larvae were collected in Bollgard® cotton, non-Bollard cotton, grain sorghum, and 
field corn over periods of two weeks, three weeks, two weeks, and two weeks, respectively.   
No larvae were collected in MG 4 soybean.  The peak larval occurrence in Bollgard® cotton was 
on 5 August at a density of 260 larvae/hectare.  Peak numbers of larvae were collected in non-
Bollgard® cotton, grain sorghum, and field corn on 19 August, 8 July, and 10 June, respectively.  
The fewest number of total larvae were recorded in the Bollgard® (324) field.  The highest 
number of larvae was collected in field corn which was nearly ten-fold higher than numbers of 
larvae collected in any other crop. 
During 2002 at the Rapides Parish location, larvae were collected in one or more hosts on 
every sample date except 24 June, 11 July, 13 August, and 22 August (Table 6).  Numbers of 
larvae were collected in Bollgard® cotton, non-Bollard cotton, grain sorghum, and field corn 
over periods of four weeks, one week, two weeks, and four weeks, respectively.  No larvae were 
collected in MG 4 soybean.  The peak larval occurrence in Bollgard® cotton was on 31 July at a 
density of 196 larvae/hectare.  Peak numbers of larvae were collected in non-Bollgard® cotton, 
grain sorghum, and field corn on 24 July, 19 June, and 14 June, respectively.  The fewest number 
of total larvae was recorded in the Bollgard® (453) cotton (1295) field.  The highest number of 
total larvae was collected in field corn which was nearly fifteen-fold higher than numbers 
collected in any other crop. 
During 2003 at the Richland Parish location, larvae were collected in one or more hosts 
on every sample date except 21 July, 18 August, 25 August, and 2 September (Table 7).  
Numbers of larvae were collected in Bollgard® cotton, non-Bollard cotton, and field corn over  
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Table 6.  Temporal occurrence of bollworm larvae (No./Hectare) in commercial fields of selected crops – Rapides Parish, 
2002. 
 
       
   
Sample Date 
 
 6 
Jun 
14 
Jun 
19 
Jun 
24 
Jun 
5 
Jul 
11 
Jul 
 
17 
Jul 
24 
Jul 
31 
Jul 
8 
Aug 
 
13 
Aug 
 
22 
Aug 
 
   Total 
 
Bollgard® 
 
 
0 
 
0 
 
0 
 
-1 
 
0 
 
0 
 
64 
 
129 
 
196 
 
64 
 
0 
 
0 
 
453 
Non-
Bollgard® 
 
0            
             
            
            
0 0 - 0 0 0 1295 0 0 0 0 1295
Grain 
Sorghum 
 
0 0
 
1295 - 1294 0 0 0 0 0 - - 2589
MG 4 
Soybean 
 
0 0 0 - 0 0 0 0 0 0 - -
 
0 
Field Corn 
 
10351 18114 7762 - 3235 0 0 0 0 0 - - 39463
 
1No sample was taken. 
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Table 7.  Temporal occurrence of bollworm larvae (No./Hectare) in commercial fields of selected crops – Richland Parish, 
2003. 
1No sample was taken. 
 
       
  
Sample Date 
 
 23 
Jun 
30 
Jun 
7 
Jul 
14 
Jul 
21 
Jul 
28 
Jul 
4 
Aug 
11 
Aug 
18 
Aug 
25 
Aug 
 
2 
Sep 
 
Total 
 
Bollgard® 
 
 
0 
 
0 
 
 
0 
 
 
0 
 
 
0 
 
 
193 
 
 
1035 
 
 
389 
 
 
0 
 
 
0 
 
0 
 
1616 
Non-
Bollgard® 
 
0            
           
            
           
0 0 0 0 0 646 324 0 0 0 970
Grain 
Sorghum 
 
0 0 0 0 0 -1 - - - -
 
- 0
MG 4  
Soybean 
 
- 0 0 0 0 0 0 0 0 - - 0
Field Corn 
 
3235 14233
 
6470 2587 0 0 - - - - - 26525
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periods of three weeks, two weeks, and four weeks, respectively.  No larvae were collected in 
MG 4 soybean or grain sorghum.  The peak larval occurrence in Bollgard® cotton was on 4 
August at a density of 1035 larvae/hectare.  Peak numbers of larvae were collected in non-
Bollgard® cotton and field corn on 4 August and 30 June, respectively.  The fewest number of 
total larvae was recorded in the non-Bollgard® cotton (970) field.  The highest number of total 
larvae was collected in field corn which was over fifteen-fold higher than numbers collected in 
other crops. 
During 2003 at the Tensas Parish location, larvae were collected in one or more hosts on 
every sample date except 9 July; 6, 13, 20, 25 August; and 2 September (Table 8).   Numbers of 
larvae were collected in Bollgard® cotton, non-Bollard cotton, grain sorghum, and field corn 
over periods of one week, one week, two weeks, and two weeks, respectively.  No larvae were 
collected in MG 4 soybean.  The peak larval occurrence in Bollgard® cotton was on 31 July at a 
density of 129 larvae/hectare.  Peak numbers of larvae were collected in non-Bollgard® cotton, 
grain sorghum, and field corn on 31 July, 15 July, and 25 June, respectively.  The fewest number 
of total larvae was recorded in the Bollgard® (129) field.  The highest number of total larvae was 
collected in field corn which was over five-fold higher than numbers collected in other crops. 
During 2003 at the Concordia location, larvae were collected in one or more hosts on 23 
June, 30 June, 15 July, and 29 July (Table 9).  Larvae were collected in Bollgard® 
cotton, non-Bollgard® cotton, grain sorghum, and field corn over periods of one week, one 
week, one week, and two weeks, respectively.  No larvae were collected in MG 4 soybean.  The peak larval 
occurrence in Bollgard® cotton was on 29 July at a density of 129 larvae/hectare.  Peak numbers of larvae were 
collected in non-Bollgard® cotton, grain sorghum, and field corn on 29 July, 15 July, and 30 June, respectively.  
The fewest number of total larvae was recorded 
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Table 8.  Temporal occurrence of bollworm larvae (No./Hectare) in commercial fields of selected crops – Tensas 
Parish, 2003. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
    
Sample Date 
 
 25 
Jun 
1 
Jul 
9 
Jul 
15 
Jul 
22 
Jul 
31 
Jul 
6 
Aug 
13 
Aug 
20 
Aug 
 
25 
Aug 
 
2 
Sep 
 
Total 
 
Bollgard® 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
129 
 
0 
 
0 
 
0 
 
0 
 
 
0 
 
 
129 
Non-
Bollgard® 
 
0            
      
           
       
0 0 0 0 646 0 0 0 0 0 646
Grain 
Sorghum 
 
0 0
 
0 1293 324 0 -1 
 
– 
 
– 
 
– 
 
– 
 
1617 
MG 4 
Soybean 
 
0 0 0 0 0 0 –
 
– 0 – –
 
0 
Field Corn 
 
9056 646
 
0 0 - - –
 
– 
 
– 
 
– 
 
– 
 
9703 
1No sample was taken. 
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Table 9.  Temporal occurrence of bollworm larvae (No./Hectare) in commercial fields of selected crops – Concordia 
Parish, 2003. 
  
        
  
Sample Date 
 
 
 
23 
Jun 
 
30 
Jun 
 
9 
Jul 
 
15 
Jul 
 
22 
Jul 
 
29 
Jul 
 
5 
Aug 
 
12 
Aug 
 
19 
Aug 
 
25 
Aug 
 
3 
Sep 
 
Total 
 
Bollgard® 
 
 
0 
 
0 
 
-1 
 
0 
 
0 
 
129 
 
0 
 
- 
 
0 
 
0 
 
0 
 
129 
Non-
Bollgard® 
 
 
0 
 
0 
 
- 
 
- 
 
0 
 
325 
 
0 
 
- 
 
0 
 
0 
 
0 
 
325 
Grain 
Sorghum 
 
0            
            
            
0 - 646 0 0 0 - - - - 646
MG 4 
Soybean 
 
0 0 - 0 0 0 0 - - - - 0
Field Corn 
 
3235 5822 - 0 0 - - - - - - 9057
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1No sample was taken.
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in the Bollgard® (129) cotton field.  The highest number of total larvae was collected in field 
corn which was over fifteen-fold higher than numbers collected in any other crop. 
During 2003 at the Rapides location, larvae were collected in one or more hosts on every 
sample date except 17 June, 16 July, and 26 August (Table 10).  Numbers of larvae were 
collected in Bollgard® cotton, non-Bollgard® cotton, grain sorghum, and field corn over periods 
of five weeks, three weeks, one week, and three weeks, respectively.  No larvae were collected in 
MG 4 soybean. The peak larval occurrence in Bollgard® cotton was on 23 July at a density of 
2394 larvae/hectare.  Peak numbers of larvae were collected in non-Bollgard® cotton, grain 
sorghum, and field corn on 30 July, 2 July, and 2 July, respectively.  The fewest number of total 
larvae was recorded in the grain sorghum field (1941).  The highest number of total larvae was 
collected in field corn, which was over 1.5 fold higher than numbers collected in other crops. 
Small Plot Host Evaluation – Macon Ridge Research Station.  During 2002, densities 
of bollworm larvae were recorded for selected crops in small plots of selected crops (Table 11).  
In Bollgard® cotton, larval occurrence ranged from five NAWF to six NACB and numbers 
peaked at 970 larvae/hectare at one to two NAWF on 16 to 20 August.  In non-Bollgard® cotton, 
larvae were observed on six sampling dates from seven nodes above white flower (NAWF) to 
one node above cracked boll (NACB) with a peak density of 5833 larvae/hectare at five to six 
NAWF on 2 August.  In field corn, larvae were observed on three sampling dates.  Plants were in 
the R2 to R3 growth stages (late silk, blister, and milk) and larvae reached a peak density of 
47010 insects/hectare at the R3 phenological stage on 25 June.  In grain sorghum, bollworm 
larvae were present on six sampling dates.  Plants were in the 4 to 8 (flag leaf to soft and hard 
dough) growth stages and larval counts peaked at 81082 insects/hectare during growth stage 
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Table 10.  Temporal occurrence of bollworm larvae (No./Hectare) in commercial fields of selected crops – Rapides  
Parish, 2003. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1No sample was taken. 
 
     
   
Sample Date 
 
 
 17 
Jun 
24 
Jun 
2 
Jul 
8 
Jul 
16 
Jul 
23 
Jul 
 
30 
Jul 
5 
Aug 
12 
Aug 
 
19 
Aug 
 
26 
Aug 
 
Total 
 
Bollgard® 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
2394 
 
1295 
 
260 
 
453 
 
64 
 
0 
 
4465 
Non-
Bollgard® 
 
0            
            
            
           
0 0 0 0 2587 3881 0 324 0 0 6792
Grain 
Sorghum 
 
0 0 1941 0 0 0 -1 - - - - 1941
MG 4 
Soybean 
 
0 0 0 0 0 0 0 0 0 0 - 0
Field Corn 
 
0 5175 8086 1941 0 0 - 0 0 - - 15202
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Table 11.  Native infestations of bollworm larvae (No./Hectare) collected in selected host crops - Macon Ridge, 2002. 
Means in colum s fo o n-Keuls LSD, (αn llowed by same letter do n t significantly differ according to Student-Newma =0.05). 
            
Sample Date 
 
Host 
Crop 
 
7  
Jun 
 
11  
Jun 
 
17  
Jun 
 
25 
Jun 
 
12  
Jul 
 
19  
Jul 
 
25 
Jul 
 
2  
Aug 
 
7  
Aug 
 
16  
Aug 
 
20  
Aug 
 
29  
Aug 
 
6  
Sep 
 
Total 
Bollgard® 
 
0             0a 0a 0b 0b 0b 0b 324b 0b 970ab 646a 109a 0 2050d
Non-
Bollgard® 
 
0         
          
              
           
               
0a 0a 0b 0b 431b 1295b 5822a 1401a 2371a 1295a 537a 0 13153c
 
Field 
Corn 
 
 
0 
 
200a 
 
9057a 
 
47010a 
 
0b 
 
-1 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
56267b 
Grain 
Sorghum 
 
0 0a 861a 0b 81082a 19946a 10243a 1510b 215b - - - - 113856a
MG 4 
Soybean2 
 
0 0a 0a 0b 0b 0b 0b - - - - - - 0d
MG 6 
Soybean 
 
0 0a 0a 0b 0b 0b 1941b 7871a 431b 1186ab 431a 0a 0 11859c
P>F - 0.4651 0.1111 0.0001 0.0001 0.0001 0.0192 0.0002 0.0016 0.0123 0.0695 0.2462 - 0.0001
1No samples were taken. 
2 No larvae were found in MG 4 soybean throughout the sampling period. 
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7 on 12 July.  Larvae were collected in MG 6 soybean on five sampling dates.  Soybean plants 
were in the R2 to R6 growth stages and larval densities peaked at a density of 7871 
insects/hectare during the R3 stage on 2 August.  No bollworm larvae were observed in MG 4 
soybean for the entire year.  Mean larval survival to adult emergence was 87, 79, 64, 71, and 
74%, on Bollgard® cotton, non-Bollgard® cotton, field corn, grain sorghum, and MG 6 soybean, 
respectively.  There was no significant difference among hosts for larval survival to adult 
emergence during 2002 (Figure 15).  The heliothine species composition for the selected host 
crops was 100% bollworm, except on non-Bollgard® cotton (10% tobacco budworm) (Table 
12).   
Cumulative larval production was significantly higher in corn and grain sorghum 
compared to that in the other crops (Figure 13).  Bollgard® cotton produced significantly fewer 
bollworm larvae (2050 insects/hectare) than all the other crops.  The total number of larvae 
found in grain sorghum for the sampling period was ca. 113856 insects/hectare which was 
significantly greater than that produced in corn (56267 larvae/hectare).  Numbers of larvae 
collected in MG 6 soybean and non-Bollgard® cotton were similar at 11859 and 13153 
insects/hectare, respectively.   
During 2003, densities of bollworm larvae were recorded for selected crops in small plots 
(Table 13).  Larval presence in Bollgard® cotton was during the three NAWF to ten NACB 
growth stages with a peak density of 540 insects/hectare at zero to three NAWF on 11 August.  
Larvae in non-Bollgard® cotton occurred from zero to two NAWF growth stages and reached a 
peak density of 1941 insects/hectare at one to two NAWF on 4 August.  Larvae were found in 
field corn during the R2 to R5 (late silk, blister, milk, and dent) stages at a peak density of 25339
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Figure 15.  Bollworm larval survival to adult emergence in the small plot evaluation, 
Macon Ridge during 2002 and 2003.  (Bars with similar letters within years are not 
significantly different, according to LSD, P<0.05).  No larvae were collected in MG 4 
soybean or Bollgard® 2 cotton. 
 
Table 12.  Heliothine species composition in the small plot evaluation - Macon Ridge 
Research Station, 2002 and 2003. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
2002 
 
2003 
Host Crop %TBW  %BW N %TBW %BW N 
Non-Bollgard® 
Cotton 
10 90 108 0 100 20 
Bollgard 2® Cotton1 - - 0 - - 0 
Bollgard® Cotton  0 100 10 0 100 6 
Field Corn  0 100 236 0 100 343 
Grain Sorghum 0 100 925 0 100 472 
MG 6 Soybean  0 100 98 0 100 4 
MG 4 Soybean1 - - 0 - - 0 
1No larvae were found in any MG 4 soybean or Bollgard® 2 cotton. 
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Figure 16.  Cumulative larval production from selected host crops in the small plot 
evaluation at Macon Ridge during 2002.  (Totals followed by the same letter are not 
significantly different, according to LSD, α=0.05).   
 
insects/hectare at R2 to R3 on 25 June.  In grain sorghum, larvae occurred during the 6 to 9 
(bloom to hard dough) growth stages.  Larvae reached a peak density of 29542 insects/hectare 
during the stage 6 on 14 July.  Larval occurrence in MG 6 soybean was recorded during the R1 
to R2 (beginning flowering to full bloom) stages at a peak density of 324 insects/hectare during 
the R2 stage on 4 August.  No larvae were observed in MG 4 soybean or Bollgard® 2 cotton for 
the entire year.  Mean larval survival to adult emergence was 100, 82, 66, 58, and 100% on 
Bollgard® cotton, non-Bollgard® cotton, field corn, grain sorghum, and MG 6 soybean, 
respectively (Figure 12).  Survival to adult emergence in MG 6 soybean and Bollgard® cotton 
was significantly higher than field corn, grain sorghum, and non-Bollgard® cotton.  The 
heliothine species composition for all host crops consisted of 100% bollworm (Table 12). 
Cumulative larval production was significantly higher in corn and grain sorghum 
compared to that in the other crops (Figure 17).  Total larval production in Bollgard and non-
 48
Bollgard cotton was 1188 and 2265 larvae/hectare, respectively.  Total larval production in grain 
sorghum and field corn, at 39356 and 42552 insects/hectare, respectively, were similar to each 
other and significantly greater than that in the other crops.  MG 6 soybean produced relatively 
low cumulative densities of bollworm larvae for the sampling period at 1510insects/hectare.
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 Table 13.  Native infestations of bollworm larvae (No./Hectare) collected in selected host crops - Macon Ridge, 2003. 
Means in column e e o α=0.05). s follow d by sam  letter do n t significantly differ according to Student-Newman-Keuls LSD, (
           
Sample Date 
 
Host Crop 
 
18 
Jun 
 
25  
Jun 
 
1 
Jul 
 
7  
Jul 
 
14  
Jul 
 
21  
Jul 
 
28  
Jul 
 
4  
Aug 
 
11  
Aug 
 
18  
Aug 
 
25  
Aug
 
5  
Sep 
 
Total 
Bollgard® 
 
0b           0b 0b 0b 0a 0b 109a 109b 540a 431a 0 0 1188b
Bollgard® 22 
 
0b             
            
        
             
             
              
0b 0b 0b 0a 0b 0a 0b 0a 0a 0 0 0b
Non-
Bollgard® 
 
0b 0b 0b 0b 0a 0b 0a 1941a 324a 0a 0 0 2265b
 
Field Corn 
 
 
10312a 
 
25339a 
 
6361a 
 
540a 
 
0a 
 
0b 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
42552a 
Grain 
Sorghum 
 
0b 0b 0b 109b 29542a 9381a 215a 109b - - - - 39356a
MG 4 
Soybean2 
 
0b 0b 0b 0b 0a 0b 0a 0b 0a - - - 0b
MG 6 
Soybean 
 
0b 0b 0b 0b 0a 0b 215a 324b 0a 0a 0 0 1510b
P>F 0.0277 0.0001 0.0001 0.0001 0.0516 0.0203 0.1620 0.0001 0.2387 0.1051 - - 0.0046
1No samples were taken. 
2No larvae were found in any MG 4 soybean or Bollgard® 2 cotton throughout the sampling period. 
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Figure 17.  Cumulative larval production from selected host crops in the small plot 
evaluation at Macon Ridge during 2003.  (Totals followed by the same letter are not 
significantly different, according to LSD, α=0.05).   
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DISCUSSION 
 
The temporal occurrence of bollworm adults was generally similar at sampling locations 
during 2002.  In 2002, the temporal occurrence of peak adult captures was generally synchronous 
among the five crop interfaces for all four locations.  At the Richland, Tensas, and Concordia 
Parish locations, peak captures for each interface occurred during the month of July (8 to 24 
July).  At the Rapides Parish location, only traps at grain sorghum and soybean interfaces did not 
capture peak numbers in July (both were in August).  Also in 2002, the grain sorghum (Richland 
Parish), non-Bollgard® (Concordia Parish), and Bollgard® interfaces (Tensas and Rapides 
Parishes) accounted for the most moths captured across the sampling period.  At the Richland 
Parish location, heavy infestations of larvae in the grain sorghum fields (>100000 
larvae/hectare/sample date) resulted in high numbers of moths emigrating from those fields.  
Grain sorghum fields can support significant larval populations in the proper environmental 
conditions and a corresponding occurrence of bollworm.  Weather events preventing pesticide 
applications also contributed to higher larval and adult populations.  At other locations during 
2002, the cotton interfaces probably accounted for the highest moth captures because these fields 
were not physiologically mature and therefore the most attractive to insects.  In addition, two to 
three generations may have infested cotton fields and resulted in more moth production in those 
fields. 
In 2003, peak captures occurred during different months at all sites.  At the Richland 
parish location, peak captures among crops were distrbuted across June, July, and August.  
Similarly at the Tensas location, peak captures occurred in June, July, and September.   At the 
Concordia Parish location peak captures occurred during May, July, and September.  The 
Rapides Parish location was the only location at which all peak capture dates occurred during the 
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same month(May).  The early peak captures in Rapides Parish could have occurred because 
crops are generally planted earlier in South Louisiana, thus trap captures may peak earlier than in 
the northern part of the state.  In 2003, the field corn interface accounted for the highest trap 
captures at three of the sampling locations (Richland, Tensas, and Concordia), while the non-
Bollgard® interface resulted in the highest captures at the Rapides Parish location.  The trap 
capture summary across all sites in 2003 (40544) was slightly lower than in 2002 (59168).  This 
difference could be attributed to a number of factors including local weather events, crop mix, 
and insect pest management strategies.  These factors can influence trap captures at each 
Bollgard®:alternate host interface.  Some interfaces at each location appeared to be less 
attractive than others.  Higher trap captures at the Bollgard® interface may have occurred after 
field corn matures and becomes an unattractive host to bollworm.  Adult females oviposit on 
Bollgard® cotton without recognizing it is toxic to larvae.  Therefore, large numbers of adults 
may enter those fields, but not survive to exit Bollgard® fields.  Low trap captures were 
consistently observed at the soybean interface.  Few or no larvae were found in most of the 
soybean fields.  Therefore, there were very few or no adults entering or leaving the fields.  
Soybean production strategies in Louisiana are utilizing earlier maturing varieties on large 
acreages.  Baur et al. (2000) and Boyd et al. (1997) observed few larvae in early maturing 
soybean varieties which indicate their inability to produce large numbers of bollworm.  The 
unattractiveness of the non-Bollgard® refuge fields may have caused moths in a local area to 
move to traps at other interfaces.  Producers may not give the refuges (non-Bollgard® cotton) 
proper attention (i.e. not controlling weeds and other key insect pests) and thus cause cotton 
plants in the refuge fields to be less attractive to bollworm.  Also, inadvertent oversrpays may 
have eliminated any potential bollworm populations in the refuge area.  Trap captures at the field 
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corn interface peaked early in the season because it was the only crop at that time that was 
attractive to bollworm adults.  Field corn was probably attracting adults from surrounding areas.  
Bollworm moth captures at the grain sorghum interface may have peaked late in the sampling 
period because other crops (field corn, MG 4 soybean) were not as attractive at that time of the 
season.  The period of attractiveness in sorghum fields may be only a very short period of time, 
and usually occurs between that of field corn and cotton.  This period in grain sorghum is 
strongly influenced by date of planting and subsequent date of flowering. 
 Total trap captures of bollworm adults for each interface across locations was similar 
during both years.  There was no significant difference in the proportion of bollworm adults 
captured at the Bollgard®:alternate host crop interfaces across Louisiana.  In 2002, traps at the 
non-Bollgard® interface accounted for the most moths (21%).  In 2003, traps at the field corn 
interfaces accounted for the highest proportion of bollworm adults captured (34%).  Traps at the 
soybean interface accounted for the smallest percentage of adults captured during both years.  
More moths were captured in 2002 (59168) as compared to 2003 (40544).  In general, these 
results were similar to those of Hardee et al. (2003) and Jackson et al. (2003) showing 
considerable movement of adults across the local landscape.  This may indicate that adult 
movement in an area with several crop hosts that favors bollworm development may supplement 
or in some cases (North Carolina) replace a non-Bollgard® cotton refuge.  Jackson et al. (2004) 
observed that the temporal and spatial production of adults in alternate hosts favors Bt resistance 
management. 
Long-range migration can also play a role in local bollworm population dynamics.  
Hendrix et al. (1987) studied long distance movement of moths captured in pheromone traps in 
central and Northwest Arkansas by the presence of Calliandra spp. and Pithecellobium spp. 
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pollen on mouthparts, eyes, and antennae.  The closest distribution of these plants is in south-
central Texas (near the Texas/Mexico border) indicating that these moths traveled ca. 750 km.  
Black cutworm, Agrotis ipsilon (Hufnagel) and armyworm, Pseudaletia unipuncta (Haworth) 
moths captured in Iowa and Missouri were also reported to have fed on these pollens in south 
Texas and even Tamaulipas, Mexico, indicating movement of ca. 1600 km (Hendrix and 
Showers 1992).  Movement of bollworm adults can occur over long distances and in a short 
period of time, thus influencing duration and size of local bollworm populations.       
The temporal occurrence and the total densities of bollworm larvae during 2002 and 2003 
were sporadic in the farmscape and small plot surveys.  In some cases, no larvae were detected in 
a crop during the entire sampling period.  In a few instances, larval samples were unavailable 
because of weather events, or because the field had been treated with an insecticide.     
Field corn accounted for the most bollworm larvae collected at all sites during both years, 
except for the Richland Parish location during 2002 where the grain sorghum interface produced 
the highest numbers.  Field corn was the initial host crop for bollworm larvae during the early 
weeks of the production season.  During this time, field corn is the only attractive crop, so larval 
populations have a tendency to occur in large numbers.  After field corn becomes unattractive, 
bollworm are dispersed among several crops.  Grain sorghum served primarily as a source for 
larvae after field corn was unattractive to adults.  However, at several locations, no larvae were 
collected in grain sorghum.  This lack of occurrence was probably due to the variation in 
planting dates across locations, and insecticide applications targeting sorghum webworm (Nola 
sorghiella Riley) and stink bugs (Heteroptera: Pentatomidae) during the period of grain 
formation.  Most soybean fields in the study were planted to MG 4 varieties.  These varieties 
were not attractive at the time they are susceptible to bollworm injury.  The data from the small 
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plot host evaluation and that from Baur et al. (2000) and Boyd et al. (1997), showed that MG 4 
soybean is not a preferred host for bollworm populations in Louisiana.  After bollworm larvae 
develop on field corn, subsequent generations occur on grain sorghum, occasionally on soybean 
(MG 5 and MG 6), and finally occur on cotton.  Larval populations in the non-Bollgard® and 
Bollgard® fields were generally observed during mid-July through August.  However, these 
densities remained at relatively low levels.  The relatively infrequent occurrence of bollworm 
larvae in non-Bollgard® cotton could be attributed to the occasional lack of weed and insect 
management in the non-Bollgard® refuge fields and insecticidal over sprays targeting other 
important insect pests.  The refuge area may have been less attractive and bollworm adults may 
choose to oviposit on other hosts. 
The Richland Parish location during 2002 was the best example of temporal synchrony of 
bollworm larval occurrence between Bollgard® cotton and that in the alternate host crops.  
Larvae were collected on the same sampling dates in field corn, non-Bollgard®, and Bollgard® 
fields on one sampling date.  Larvae in soybean and grain sorghum fields were temporally 
synchronous with those in non-Bollgard® and Bollgard® cotton fields on three of the sampling 
dates.  During 2003, the only temporal synchrony observed was between non-Bollgard® and 
Bollgard® interfaces in two samples.  At the Tensas location during 2002, there was no temporal 
synchrony of larval collections among crops.  In 2003, only non-Bollgard® and Bollgard® 
cotton fields maintained larvae on a similar sample date.  At the Concordia location in 2002, 
there was no temporal synchrony among crops, and in 2003 only non-Bollgard® and Bollgard® 
interfaces shared any temporal synchrony.  Finally, at the Rapides location, synchrony occurred 
on only one sampling date between non-Bollgard® and Bollgard® cotton, during 2002 and in 
three samples during 2003.  
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 Numerous factors can influence local bollworm larval populations in host crops such as 
field corn, grain sorghum, soybean, and cotton.  Planting date, crop variety, local weather 
patterns, and supplemental foliar insecticide applications for pests other than bollworm may 
affect the temporal occurrence and total densities of bollworm larvae.  Supplemental insecticide 
applications to non-Bollgard® and Bollgard® cotton fields may have eliminated any potential 
bollworm infestations.  By altering the planting date, using a different variety, or adjusting the 
application schedule of insecticides, producers may be able to better utilize non-cotton host crops 
as part of an IRM strategy for Bollgard®. 
 Similar studies of commercial fields in North Carolina by Jackson et al. (2004) generally 
showed results that were dissimilar to the landscape level monitoring in Louisiana.  In that study, 
peanuts (Arachis hypogaea L.), corn, and soybean play an important part in producing bollworm 
larvae.  Significant numbers of larvae were found in soybean and peanut (3-fold to 26-fold those 
in Bollgard® cotton) at the same time larvae were present in Bollgard® cotton.  Field corn, 
soybean and peanut accounted for 1%, 37%, and 56% of the total larval population, respectively.  
Bollgard® and non-Bollgard® cottons accounted for only about 1%  and 4%, respectively.  Field 
corn was a major producer of larvae into August and produced larvae at the same time as 
Bollgard® cotton.  Jackson et al. (2004) concluded that the 5% unsprayed option could be 
supplemented or eventually replaced by alternate crop hosts that support bollworm larvae.  In 
Louisiana, bollworm larval populations in field corn are usually declining in late June and are 
uncommon by early July.   
The small plot trials yielded results similar to that for the farmscape level study.  Larval 
densities peaked in field corn on 25 June during both years.  Peak densities in grain sorghum 
occurred during mid- July for both years.  Peak densities were observed in non-Bollgard® cotton 
 57
and MG 6 soybean, during the first week of  August for both years.  Temporal occurrence of 
bollworm larvae in Bollgard® and non-Bollgard® cotton was similar for both years.  Peak larval 
densities in non-Bollgard® cotton were observed during the 1st week of August, and larvae were 
recorded over a period of 24 days.  Bollgard® cotton supported peak densities during the 2nd to 
3rd weeks of August, and larvae were collected for a total of 33 days.  The last generation of 
bollworm larvae was observed in Bollgard® cotton from during mid-late August.  No bollworm 
larvae were observed in MG 4 soybean (2002 and 2003) or in Bollgard® 2 cotton (2003). These 
data suggest MG 4 soybean is not able to supplement bollworm production in the current 
structured Bollgard® refuge system for Louisiana.  Other studies with Bollgard® 2 varieties 
indicate that only one moth was produced in non-treated Bollgard® 2 varieties for 64 in 
conventional varieties, and no moths were produced in over sprayed Bollgard® 2 plots (Jackson 
et al. 2002). 
The only crop that exhibited similar temporal synchrony with bollworm larvae in 
Bollgard® cotton was non-Bollgard® cotton and MG 6 soybean.  Even though MG 6 soybean 
offers some possibility of use in an IRM strategy for Bollgard® cotton, early maturing (MG 3 
and MG 4) varieties can not supplement bollworm production in the Bollgard® cotton refuge 
system. 
Bollworm development in the host crops suggests that some of these crops can serve as 
supplemental sources for bollworm larvae and adults.  Alternate host crops (grain sorghum, MG 
6 soybean) in a local environment may be manipulated through planting date and insecticide use 
stratigies to provide temporally synchronous bollworm populations for Bollgard® cotton.  Field 
corn supports larger densities as compared to other host crops; however, the populations often 
occur too early during the growing season to supplement bollworm occurring in refuge fields.  
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Early maturing soybean varieties (MG 4) supported no bollworm larvae through two years of 
intense sampling.  However, Robbins et al. (2002) did find that soybean planted in strip plots in 
Mississippi can produce high numbers of bollworm larvae and a few tobacco budworm larvae in 
July and August.  Future transgenic varieties (Bollgard® 2 and others) with multiple Bt proteins 
appear to be highly effective in suppressing both species of heliothine.  In the present study, 
relatively few larvae were found in Bollgard® cotton and no larvae were detected in Bollgard® 2 
cotton.  A non-Bollgard® cotton refuge will still be an important part of IRM strategies 
associated with Bollgard® technology because of the limited availability of alternate hosts for 
tobacco budworm, and the need for production of temporally synchronous bollworm 
development.  Refuge requirements and crop management may, however, need to be re-
evaluated for their contribution to and importance in a Bollgard® IRM strategy. 
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SUMMARY AND CONCLUSIONS 
Future resistance management strategies may depend on bollworm production from 
available alternate hosts, such as field corn, soybean, and grain sorghum.  Knowledge about 
temporal occurrence of bollworm larvae in Bollgard® and non-Bollgard® cotton, and alternate 
host crops (i.e. field corn, grain sorghum, and soybean) may allow producers to use these crops 
as supplemental refuges to non-Bollgard® cotton.  With the exception of one location in 2002, 
soybean was generally not a suitable host for bollworm larvae, and during both years the soybean 
interface accounted for the fewest number of total adults collected.  Most of the commercial 
soybean fields were planted to a MG 4 variety in an early season production system.  In the small 
plot tests, no larvae were detected during either year in MG 4 soybean or Bollgard® 2 cotton.  
Larval occurrence in field corn and grain sorghum peaked at levels higher and usually earlier 
than those in non-Bollgard® and Bollgard® cotton.  Field corn and grain sorghum are capable of 
supporting large densities of bollworm larvae, but these populations are often not temporally 
synchronous with those larvae in non-Bollgard® and Bollgard® cotton.   Results from the small 
plot evaluation indicate that, regardless of the host crop that bollworm larvae developed on, 
survival to adult emergence was similar, ranging from 65 to 99% for both years.  Bollworm 
larval populations occur during the early season on grain sorghum and field corn, showing little 
or no temporal synchrony with those larvae developing in non-Bollgard® or Bollgard® cotton.  
In the small plot study,  MG 6 soybean was the primary non-cotton crop that maintained larvae at 
the time larvae were found in Bollgard® cotton.  If bollworm production in these hosts can be 
manipulated to be temporally synchronous with adults emerging from existing non-Bollgard® 
cotton refuges and Bollgard® cotton, producers may have more options on implementing a 
refuge strategy.  By possibly altering the planting date, variety, or insecticide scheme used, there 
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are instances where bollworm populations in these crops may coincide with those in non-
Bollgard® and Bollgard® cotton.  More user-friendly refuge options may help to encourage 
responsible refuge management and possibly delay or prevent the evolution of resistance to 
Bollgard® cotton by bollworm, thus indefinitely prolonging the effectiveness of Bollgard® 
cotton technology.   
 The availability of non-cotton hosts that are capable of producing bollworm larvae can 
contribute to the 5% refuge option and supplement bollworm adults coming from a structured 
non-Bollgard® refuge.  These data are not intended to imply that structured non-Bollgard® 
cotton refuges will no longer be necessary for producers growing Bollgard® cotton varieties.  
Even though Bollgard® cotton provides a high dose of toxin for tobacco budworm, it is not 
presently known from where or in what densities Bt susceptible tobacco budworm adults may be 
coming from.  The refuge strategy was originally designed and implemented for tobacco 
budworm.  Therefore, both heliothine pests must be considered when revising Bt resistance 
guidelines.  Alternate hosts may in fact provide enough bollworm adults for resistance 
management purposes regarding bollworm; however, there is still a need for a refuge producing 
tobacco budworm to maintain the long-term stability of Bollgard® cotton and delay resistance by 
tobacco budworm. 
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APPENDIX 
 
 NUMBER OF INSECTS (BOLLWORM LARVAE) PER ROW FEET IN THE 
FARMSCAPE LEVEL MONITORING SURVEYS IN RICHLAND, TENSAS, 
CONCORDIA, AND RAPIDES PARISHES DURING 2002 AND 2003.
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Appendix A.1.  Number of bollworm larvae (No. insects /100 row feet) per sampling date at Richland Parish, 2002. 
1No. insects /50 row feet. 
 
Host Crop 
Interface 
20 
Jun 
24 
Jun 
2 
Jul 
10 
Jul 
19 
Jul 
26 
Jul 
30 
Jul 
6 
Aug 
15 
Aug 
20 
Aug 
 
30 
Aug 
 
6 
Sep 
 
13 
Sep 
 
Total 
 
Bollgard 
Bollgard 
 
 
0 
 
 
- 
 
 
0 
 
 
0 
 
 
0 
 
 
0 
 
 
2 
 
 
1 
 
 
2 
 
 
0 
 
11  
 
 
0 
 
0 
 
6 
Bollgard 
Non-Bollgard 
0 
0 
- 
- 
0 
0 
0 
0 
0 
11 
0 
1 
0 
7 
0 
3 
0 
3 
0 
0 
0 
11  
0 
0 
0 
11  
 
0 
27 
Bollgard 
Grain Sorghum 
 
0 
0 
 
- 
0 
0 
0 
8 
1 
0 
7 
560 
2 
846 
1 
0 
4 
2 
0 
11  
 
0 
0 
0 
x 
0 
x 
15 
1417 
Bollgard 
Soybean 
 
0 
0 
 
- 
0 
0 
0 
0 
0 
0 
0 
32 
2 
80 
1 
27 
2 
2 
0 
0 
0 
0 
0 
x 
0 
x 
5 
141 
 
Bollgard 
Field Corn 
 
0 
461  
- 
 
 
0 
40  
0 
5 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
x 
11  
x 
0 
x 
2 
92 
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Appendix A.2.  Number of Bollworm larvae per sampling date at Tensas Parish, 2002. 
No. insects /100 row feet 
  
Host Crop 
Interface 
1  
Jul 
9  
Jul 
18 
 Jul 
22  
Jul 
29  
Jul 
5  
Aug 
12  
Aug 
19  
Aug 
26 
Aug 
 
3 
Sep 
 
Total 
 
Bollgard 
Bollgard 
 
 
– 
– 
 
– 
– 
 
0 
0 
 
0 
0 
 
0 
0 
 
0 
0 
 
– 
– 
 
– 
– 
 
– 
– 
 
– 
– 
 
 
0 
0 
Bollgard 
Non-Bollgard 
 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
Bollgard 
Grain Sorghum 
 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
0 
– 
– 
 
– 
– 
 
– 
– 
 
– 
– 
 
1 
2 
Bollgard 
Soybean 
 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
– 
– 
– 
– 
– 
– 
– 
– 
1 
0 
Bollgard 
Field Corn 
 
0 
71 
0 
4 
 
0 
0 
0 
0 
0 
0 
0 
0 
– 
– 
 
– 
– 
 
– 
– 
 
– 
– 
 
0 
75 
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Appendix A.3.  Number of Bollworm larvae per sampling date at Concordia Parish, 2002. 
No. insects /100 row feet 
1
 
Host Crop 
Interface 
10  
Jul 
17  
Jul 
21 
Jun 
8 
Jul 
16 
Jul 
22 
Jul 
 
29 
Jul 
5 
Aug 
12 
Aug 
19 
Aug 
 
26 
Aug 
 
3 
Sep 
 
 Total 
 
Bollgard 
Bollgard 
 
 
 
- 
 
 
 
 
 
 
     
 
 
 
 
 
 
 
 
  
- 
Bollgard 
Non-Bollgard 
 
0 
0 
0 
0 
0 
0 
 
1 
0 
0 
0 
0 
0 
0 
0 
0 
- 
1 
- 
4 
- 
0 
- 
0 
0 
6 
Bollgard 
Grain Sorghum 
 
0 
0 
- 
- 
0 
0 
0 
4 
0 
0 
0 
0 
0 
1 
0 
0 
- 
- 
- 
- 
- 
- 
- 
- 
0 
5 
Bollgard 
Soybean 
 
0 
0 
  0
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0- 
0 
0 
0 
0 
0 
0 
1 
0 
Bollgard 
Field Corn 
 
0 
241  
0 
82 
0 
0 
0 
0 
0 
- 
0 
- 
0 
- 
1 
- 
0 
- 
- 
- 
- 
- 
- 
- 
523 
32 
No. insects /54 row feet. 
2No. insects /50 row feet. 
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Appendix A.4.  Number of Bollworm larvae per sampling date at Rapides Parish, 2002. 
No. insects /100 row feet 
1
 
Host Crop 
Interface 
6  
Jul 
14  
Jul 
19 
Jun 
24 
Jun 
5 
Jul 
11 
Jul 
 
17 
Jul 
24 
Jul 
31 
Jul 
8 
Aug 
 
13 
Aug 
 
22 
Aug 
 
Total 
 
Bollgard 
Bollgard 
 
 
0 
 
0 
 
0 
 
- 
 
0 
 
0 
 
0 
 
1 
 
2 
 
0 
 
- 
 
- 
 
3 
 
Bollgard 
Non-Bollgard 
 
0 
0 
0 
0 
0 
0 
- 
- 
0 
0 
0 
0 
0 
0 
1 
4 
1 
0 
0 
0 
0 
0 
0 
0 
2 
54 
Bollgard 
Grain Sorghum 
 
0 
0 
0 
0 
0 
22  
- 
- 
0 
4  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
- 
- 
- 
- 
0 
6 
Bollgard 
Soybean 
 
0 
0 
0 
0 
0 
0 
- 
- 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
0 
- 
- 
- 
3 
0 
Bollgard 
Field Corn 
 
0 
321 
0 
282 
0 
122  
- 
- 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
- 
- 
- 
- 
0 
72 
No. insects /102 row feet. 
2No. insects /50 row feet.
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Appendix A.5.  Number of Bollworm larvae per sampling date at Richland Parish, 2003. 
No. insects /100 row feet 
  
Host Crop 
Interface 
23 
Jun 
30 
Jun 
7 
Jul 
14 
Jul 
21 
Jul 
28 
Jul 
4 
Aug
11 
Aug 
18 
Aug 
25 
Aug
 
2 
Sep 
 
Total 
 
Bollgard 
Bollgard 
 
 
- 
 
 
- 
 
 
0 
 
 
0 
 
 
0 
 
 
2 
 
 
2 
 
 
4 
 
 
- 
 
 
- 
 
- 
 
8 
Bollgard 
Non-Bollgard 
 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
3 
Bollgard 
Grain Sorghum 
 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
- 
13 
- 
1 
- 
0 
- 
- 
- 
 
- 
- 
14 
Bollgard 
Soybean 
 
- 
- 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
- 
- 
- 
- 
3 
0 
Bollgard 
Field Corn 
 
0 
51 
0 
44 
 
0 
20 
0 
8 
0 
0 
0 
0 
0 
- 
0 
- 
0 
- 
- 
- 
- 
- 
0 
76 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1No. insects /50 row feet 
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Appendix A.6.  Number of Bollworm larvae per sampling date at Tensas Parish, 2003. 
No. insects /100 row feet 
 
Host Crop 
Interface 
25 
Jun 
1 
Jul 
9 
Jul 
15 
Jul 
22  
Jul 
31 
Jul 
6 
Aug 
13  
Aug 
20 
Aug 
25 
Aug 
   2 
Sep  Total
Bollgard 
Bollgard 0      0 0 0 0 1
 
- 
 
 
- 
 
 
- 
 
 
 
- 
 
 
 
 
- 
 
 
1 
Bollgard 
Non-Bollgard 
 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
Bollgard 
Grain Sorghum 
 
0 
0 
0 
0 
0 
0 
0 
4 
0 
1 
0 
0 
 
0 
- 
 
 
0 
- 
 
 
0 
- 
 
 
- 
- 
 
- 
- 
 
0 
5 
Bollgard 
Soybean 
 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
 
0 
- 
 
0 
- 
0 
0 
- 
- 
 
- 
- 
 
0 
0 
Bollgard 
Field Corn 
0 
28 
 
0 
2 
 
0 
0 
0 
0 
0 
- 
0 
- 
0 
- 
0 
- 
 
0 
- 
 
 
- 
- 
 
 
- 
- 
 
0 
30 
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Appendix A.7.  Number of Bollworm larvae per sampling date at Concordia Parish, 2003. 
No. insects /100 row feet 
1No. insects /50 row feet. 
 
Host Crop 
Interface 
23 
Jun 
30 
Jun 
9 
Jul 
15 
Jul 
22 
Jul 
29 
Jul 
 
5 
Aug 
12 
Aug 
19 
Aug 
25 
Aug 
 
3 
Sep 
 
 Total 
 
Bollgard 
Bollgard 
 
 
 
 
0 
 
- 
 
0 
 
0 
 
0 
 
0 
 
- 
 
0 
 
- 
 
- 
 
0 
Bollgard 
Non-Bollgard 
 
0 
0 
0 
0 
 
- 
 
- 
0 
0 
0 
1 
0 
0 
-  
  
    
  
0
0 
0 
0 
0 
0 
0 
1 
Bollgard 
Grain Sorghum 
 
0 
0 
0 
0 
 
- 
- 
2 
0 
0 
0 
0 
0 
0 
- 0
- 
- 
- 
- 
- 
0 
2 
Bollgard 
Soybean 
 
0 
0 
0 
0 
- 0
0 
0 
0 
1 
0 
- 
0 
- 0
- 
- 
- 
- 
- 
1 
0 
Bollgard 
Field Corn 
 
- 
5 
0 
18 
 
- 
0 
0 
0 
0 
2 
- 
1 
- 
- 0
- 
- 
- 
- 
- 
0 
23 
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Host Crop 
Interface 
17 
Jun 
24 
Jun 
2 
Jul 
8 
Jul 
16 
Jul 
23 
Jul 
 
30 
Jul 
5 
Aug 
12 
Aug 
 
19 
Aug 
 
26 
Aug 
 
Total 
 
Bollgard 
Bollgard 
 
 
- 
 
- 
 
0 
 
0 
 
0 
 
20 
 
4 
 
1 
 
0 
 
1 
 
- 
 
26 
Bollgard 
Non-Bollgard 
 
- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
14 
12 
3 
0 
7 
1 
0 
0 
0 
0 
24 
21 
Bollgard 
Grain Sorghum 
 
-   - 0
6 
0 
0 
0 
0 
0 
0 
2 
- 
1 
- 
0 
- 
0 
0 
- 
- 
3 
6 
Bollgard 
Soybean 
 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
- 
- 
0 
0 
 
Bollgard 
Field Corn 
 
- 
0 
- 
16 
0 
25 
0 
6 
0 
0 
0 
0 
0 
- 
0 
0 
0 
0 
0 
- 
- 
- 
0 
47 
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Appendix A.8.  Number of Bollworm larvae per sampling date at Rapides Parish, 2003. 
No. insects /100 row feet 
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